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(54) CERAMIC CUTTING TOOL 

(57)Abstract: 

PURPOSE: To provide a ceramic cutting tool which is essentially composed of alumina ceramic sintered body and can cut high 
hardness material efficiendy and with a long life. 

CONSTITUTION: Base material is alumina ceramic sintered body which contains at least one kind of titanum carbide, nitride, 
carbo-nitride or carbo-nitro-oxide of 10-50 weight percent in the matrix of A1203. A ceramic cutting tool is composed of this 
base material and either (1) at least, one of the carbide, the nitride or the carbo-nitride of the alloy of Ti and Al provided on the 
surface of this base material, or (2) combination of, at least, one of the carbide, the nitride or the carbo-nitride of the alloy of Ti 
and Al provided on the base material and, at least, one of the carbide, the nitride or the carbo-nitride of Ti, and has a coating 
layer of 0.2-10μm in thickness. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



Petailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the long lasting alumina system ceramic cutting tool which can cut high 

degree-of-hardness material, such as an alloy tool steel, in high efficiency. 

[0002] 

[Description of the Prior Art] Cutting is so difficult that machining is very difficult for two or more 500 kgf(s)/mm high 
degree-of-hardness material and it can hardly cut with cutting tools, such as usual cemented carbide, especially at 50 or more and 
Vickers hardness (HV) by high degree-of-hardness material, especially ROKKUERU C degrees of hardness (HRC), such as an 
alloy tool steel. 

[0003] Conventionally, the cutting tool which consists of a cubic boron nitride (CBN) sintered compact, or the cutting tool which 
consists of an alumina (aluminum 203) system sintered compact which makes the start the aluminum203-TiC system ceramic 
sintered compact called black Serra was used for cutting of this high degree-of-hardness material. 
[0004] However, since the sintered CBN cutting tool needed the extra-high voltage super-elevated temperature for the 
manufacture process, compared with the cemented carbide cutting tool, its price is very expensive and the configuration of the 
tool which can be manufactured also had a fault, like a large limit is added. One with it difficult [ to perform stable cutting, such 
as shortage of toughness being conspicuous, when high degree-of-hardness material is actually cut, although the black Serra 
cutting tool is cheap and there is remarkable flexibility also in a tool configuration, and being easy to generate a chipping and a 
flaking, ] on the other hand was actual. 

[0005] Thus, although it is thought of because a radial force becomes very large among 3 component of a force of a cutting force 
that cutting of high degree-of-hardness material becomes difficult, therefore it is cheap, about alumina system ceramic 
sintered-compact cutting tools, such as black Serra worried to deficit-proof nature who has, to carry out improvement in an 
improvement of the intensity and toughness is needed. 

[0006] Then, the method of making small conventionally particle size of an aluminurn203 crystal-grain child and a TiC particle 
by HIP processing about aluminum203 system ceramic sintered compacts, such as an aluminum203-TiC system, 
(JP,1 -22223, B), Or Nb, V, Zr, Ta, Hf, etc. are added in the form of a metal or an oxide, and the method (JP,63-35587,B) of 
distributing TiC uniformly minutely and raising sintered-compact intensity is proposed, these methods - sintering - cutting of the 
high degree-of-hardness material to which a radial force becomes large especially although it became possible to lose the pore 
which exists in the inside of the body, and to raise intensity and a degree of hardness - setting - in addition - the intensity and 
abrasion resistance - enough - **** - it was not able to say 

[0007] The method of aiming at reduction of a cutting force is also taken by wrapping the rake face of a cutting tool and making 
discharge of a chip easy in addition to the above-mentioned method. Moreover, naturally the method of carrying out forming a 
breaker etc. and reducing a cutting force is considered, and in a ceramic cutting tool, there is misgiving in an on-the-strength side, 
and, for a certain reason, the restrictions on manufacture have not spread, either. 
[0008] 

[Problem(s) to be Solved by the Invention] this invention essentially consists of an alumina system ceramic sintered compact of 
low prices, such as an aluminum203-TiC system, in view of this conventional situation, and it aims at offering the ceramic cutting 
tool which is high efficiency, and is long lasting and can cut two or more 500 Kgf(s)/mm high degree-of-hardness material by 50 
or more and HV especially by HRC. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, it sets to the ceramic cutting tool of this 
invention, in the matrix of;alurninum 203 The carbide of 10 - 50% of the weight of Ti, The base material of the alumina system 
ceramic sintered compact containing at least one sort of a nitride, a charcoal nitride, or a charcoal nitric oxide, (1) [ whether it has 
the enveloping layer of 0.2-10 micrometers of sum total thickness which consists of at least one sort of the carbide of the alloy of 
Ti and aluminum prepared in the front face of this base material, a nitride, or a charcoal nitride, and ] (2) - it is characterized by 
having the enveloping layer of 0.2-10 micrometers of sum total thickness which consists of at least one sort of the carbide of the 
alloy of Ti and aluminum prepared in the front face of this base material, a nitride, or a charcoal nitride, and at least one sort of the 
carbide of Ti, a nitride, or a charcoal nitride of combination [ or ] 

[0010] In addition, the chemical formula which carries out the following to the carbide, nitride, or charcoal nitride of an alloy of 
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Ti and aluminum in this invention. [Formula 1] 

(Til-xAlx) (Cl-yNy) (the inside of a formula, 0<x<l, and 0<=y<=l) 

It comes out and the compound expressed is meant. 

[0011] 

[Function] In this invention, with the combination of the above-mentioned specific base material and an enveloping layer, the 
surface residual compression stress by the coefficient-of-thermal-expansion difference arises in an enveloping layer, and the 
toughness of the aluminum203 system ceramic sintered compact this [ whose ] is a base material is raised. 
[0012] Especially the enveloping layer that consists of the carbide, nitride, or charcoal nitride of an alloy of Ti and aluminum is 
effective in raising the abrasion resistance of a cutting tool in addition to the effect of the improvement in toughness of the 
above-mentioned. Although the reason is not clear, aluminum contained in an enveloping layer causes a chemical reaction in part 
with the elevated temperature produced at the time of cutting, generates aluminum 203, and is considered that abrasion resistance 
is raised by this aluminum 203. 

[0013] Therefore, as a cutting tool of high degree-of-hardness material, the ceramic cutting tool of this invention is excellent in 
toughness and abrasion resistance with especially HRC at 50 or more and HV as two or more 500 kgf(s)/mm cutting tools for 
high degree-of-hardness material, has a several times as many life as this compared with the ceramic cutting tool which consists 
of an aluminum203-TiC system ceramic sintered compact which does not have the conventional enveloping layer, and can 
perform cutting stabilized in high efficiency. 

[0014] Moreover, the carbide, nitride, or charcoal nitride of Ti used combining the carbide of the alloy of Ti and aluminum, a 
nitride, or a charcoal nitride as an enveloping layer was excellent in the adhesion force with a base material, and it turns out that 
TiN is excellent in the adhesion force with a base material especially. Therefore, the enveloping layer excellent in especially the 
adhesion force with a base material can be obtained by setting to TiN the innermost layer which contacts a base material among 
enveloping layers. 

[001 5] Furthermore, the carbide, nitride, or charcoal nitride of Ti is cut by including this in an enveloping layer, since coefficient 
of friction is smaller than the conventional aluminum203-TiC system ceramic sintered compact in which grinding was carried out 
by the carbide, the nitride, the charcoal nitride, and common practice of an alloy of Ti and aluminum, discharge of powder 
becomes good, and a cutting force is reduced. The effect that TiN makes the cutting force at the time of TiN, then high 
degree-of-hardness material cutting mitigate the outermost layer of drum of an enveloping layer among the compounds which can 
constitute especially an enveloping layer since coefficient of friction is the smallest is large. 

[0016] In the ceramic cutting tool of this invention, it turns out that it is effective in reduction of a cutting force to make surface 
roughness [ near the cutting edge ] into less than / 0.2S / at least, a cutting force becomes still smaller, and continues by this at a 
long period of time, and an usable cutting tool is obtained. Methods, such as surface polish using the diamond paste by the 
diamond abrasive grain, can be used for improvement in surface roughness. 

[0017] The alumina system ceramic sintered compact used as a base material contains at least one compound chosen from the 
carbide, the nitride, charcoal nitride, or charcoal nitric oxide of Ti into the matrix of aluminum 203. Intensity and a degree of 
hardness are high, and these aluminum203 system ceramic sintered compacts are used as a cutting tool of high 
degree-of-hardness material from the former. However, since a degree of sintering will become bad if the addition of Ti carbide, a 
nitride, a charcoal nitride, or a charcoal nitric oxide has low intensity and degree of hardness of a sintered compact at less than 10 
% of the weight and exceeds 50 % of the weight in order to use as a base material of the cutting tool of this invention, it considers 
as 10 - 50% of the weight of the range. 

[0018] In addition, the above-mentioned alumina system ceramic sintered compact used as a base material is well-known, for 
example, is obtained by sintering the raw material powder constituent mixed in predetermined proportion at the temperature of 
about 1500-1900 degrees C. Although hot pressing is desirable as a sintering process, a sintering process and the HTP method are 
also usually employable. Moreover, naturally on the occasion of sintering, you may use well-known sintering acids, such as NiO, 
Y203, and MgO, as an additive. 

[0019] the monolayer which the enveloping layer prepared in the above-mentioned base material front face turns into from the 
carbide, nitride, or charcoal nitride of an alloy of aluminum and Ti — or although it consists of a double layer which consists of a 
double layer or the carbide of these and Ti, a nitride, or a charcoal nitride, even if it is which case, sum total thickness of an 
enveloping layer is taken as the range of 0.2-10 micrometers The reason is that the toughness of the enveloping layer itself will 
fall in less than 0.2 -micrometer thickness if toughness and the wear-resistant improvement effect are small and exceed 10 
micrometers. Moreover, even if little 4A and little 5 A, 6 A group element, and an iron system metallic element are contained in the 
carbide, nitride, or charcoal nitride of an alloy of aluminum and Ti of an enveloping layer, there is no change in the excellency of 
an enveloping layer mentioned above. 

[0020] The physical or chemical thin film formation methods, such as well-known PVD and CVD, can be used for formation of 
the above-mentioned enveloping layer, in addition, the case where the carbide, nitride, or charcoal nitride of an alloy of aluminum 
and Ti is covered with PVD - the target of the alloy of Ti and aluminum ~ you may use ~ Ti and aluminum - you may install a 
separate target 
[0021] 

[Example] After doing 30 volume % mixture of the TiC powder of 1 .0 micrometers of mean particle diameters at 20aluminum3 
powder of 0.4 micrometers of mean particle diameters and filling up a graphite dice with this end of mixed powder, hotpress 
sintering was carried out at 1 650 degrees C into argon gas for 1 hour at the bottom of the pressure of 30MPa(s), and the 
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aluminum203-TiC sintered compact of the cutting chip configuration of a part number SNGN 120408 was manufactured. 
[0022] The obtained aluminum203-TiC sintered compact was used as the base material, the enveloping layer shown in Table 1 
by the usual P VD was formed in the front face, respectively, and the cutting chips 1-12 (however, the cutting chip 1 2 example of 
comparison) were produced. Moreover, an enveloping layer was not formed but the cutting chip 13 (example of comparison) 
which consists only of an aluminum203-TiC sintered compact was also prepared. 

[0023] Next, the cutting examination was performed on the following conditions using each cutting chips 1-13. 
Cutting conditions: ** ** Material - SKD1 1 (HRC 60) 

Cutting speed ~ 100 m/min. ** ** --0.1 mm/rev. Cut [ ** Oil — Dry type cutting time - lOmin. ] deeply. ~ 1.0mm electrode 
holder - FN1 1R44A OFF [0024] The desquamative state of the enveloping layer of each cutting chip was observed, and 
flank-wear width of face was measured about each cutting chip after an examination, to Table 1, it combined as a cutting test 
result and the above-mentioned cutting examination was indicated. 
[0025] 
[Table 1] 

OFF ** ** ** Layer Style ** It reaches. Film ** sum total thickness Cutting test-result chip (a inner layer -> outer layer) 
(micrometer) (micrometer) Flank-wear width of face 1 Ti3AlC (4.0) 4.0 0.08mm 2 TiAIN (4.0) 4.0 0.07mm 3 Ti3AlCN (4.5) 
4.5 0.07mm 4 Ti3AlN (4.5) 4.5 0.06mm 5 TiAlN(1.5) ->TiAlCN (2.5) 4.0 0.06mm 6 Ti3AlC(2.0) ->TiAlN (1.5) 3.50.06mm 7 
TiN(0.5) ->Ti3AlCN (3.5) 4.0 0.04mm 8 TiN(0.5) ->Ti3AlC(2.0) ->TiAlN (1.5) 4.0 0.04mm9 TiN(l.O) ->TiAlN(3.0) ->TiN 
(0.5) 4.5 0.04mm 10 TiN(l.O) ->Ti3AlCN(3.0) ->TiN(0.5) * 4.5 0.03mm 1 1 (Ti-6wt%aluminum-4wt°/oV) N 4.0 0.09mm 12 
TiN (3.0) 3.00.12mml3 With no enveloping layer - Deficit (notes) TiAl is a 50at%Ti-50at%aluminum alloy at 3 minutes. 
Ti3aluminum means a 75at%Ti-25at% alloy. Moreover, the chip which attached * mark raised surface roughness to 0.2S using 
diamond paste according to a diamond abrasive grain with a particle size of 30-40 micrometers near the cutting edge. 
[0026] 

[Effect of the Invention] According to this invention, the ceramic cutting tool of the low price which was excellent in abrasion 
resistance with high toughness which can cut two or more 500 Kgf(s)/mm high degree-of-hardness material from high efficiency 
and a high life can be offered by 50 or more and HV by high degree-of-hardness material, such as an alloy tool steel, especially 
HRC. 
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CLAIMS 



[Claim(s)] 

[Claim 1 ] The ceramic cutting tool characterized by having the enveloping layer of 0.2- 1 0 micrometers of thickness which 
consists of at least one sort of the carbide of the base matenal of the alumina system ceramic sintered compact which contained at 
least one sort of the carbide of 10 - 50% of the weight of Ti, a nitride, a charcoal nitride, or a charcoal nitric oxide in the matrix of 
aluminum 203, and the alloy of Ti and aluminum prepared in the front face of this base material, a nitride, or a charcoal nitride. 
[Claim 2] The ceramic cutting tool characterized by providing the following. The base material of the alumina system ceramic 
sintered compact which contained at least one sort of the carbide of 10 - 50% of the weight of Ti, a nitride, a charcoal nitride, or a 
charcoal nitric oxide in the matrix of aluminum 203. The enveloping layer of 0.2-10 micrometers of sum total thickness which 
consists of at least one sort of the carbide of at least one sort and Ti of the carbide of the alloy of Ti and aluminum prepared in the 
front face of this base material, a nitride, or a charcoal nitride, a nitride, or a charcoal nitride of combination. 
[Claim 3] The ceramic cutting tool according to claim 2 characterized by the innermost layer of an enveloping layer being TiN. 
[Claim 4] The ceramic cutting tool according to claim 2 or 3 characterized by the outermost layer of drum of an enveloping layer 
being TiN. 

[Claim 5] The ceramic cutting tool according to claim 1 to 4 characterized by surface roughness [ near the cutting edge ] being 
less than /0.2S/ at least. 
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(54) CERAMIC CUTTING TOOL 
(57)Abstract: 

PURPOSE: To provide a ceramic cutting tool which is essentially composed of alumina ceramic 
sintered body and can cut high hardness material efficiently and with a long life. 
CONSTITUTION: Base material is alumina ceramic sintered body which contains at least one 
kind of titanum carbide, nitride, carbo-nitride or carbo-nitro-oxide of 10-50 weight percent in 
the matrix of AI203. A ceramic cutting tool is composed of this base material and either (1) at 
least, one of the carbide, the nitride or the carbo-nitride of the alloy of Ti and Al provided on 
the surface of this base material, or (2) combination of, at least, one of the carbide, the nitride 
or the carbo-nitride of the alloy of Ti and Al provided on the base material and, at least, one of 
the carbide, the nitride or the carbo-nitride of Ti, and has a coating layer of 0.2-1 Oum in 
thickness. 
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X, SBteteRLTfi, »tl4LTNiO, Y 2 0 3 , MgO^W 

[0 0 19] ±|EW**EKKtt.5«WiM\ A14Ti» 

io mm, mL<tiztibkTi<omu&* mtmxitfkmt 

BSo^H-BfSiio.2~iO/imrotSia4-r5o toift 
ii, o. 2 M nolcM(oi»fl[-eii«9tt^iBSEfttt©ifii±sb*aJ 

[0020] ±tmmm<DBma±, &*©pvd^ 

TZ>^tfrtti$:Z> 0 ft, P VDffitrJ; *9MbTi<D$&<D 

mm, mmx\-3.mmm*®M-rz>m&, Ti 4 aic? 

&&t»9—fy hSrffl^Ttftl^U Ti4Algi|*<D*- 
[0 0 2 1 ] 

[^ffi0ij ] sp*9«tS0. 4 u m(7>Al 2Qj»*^3P«6»ai. 0 M 
■©TiC»5|5*30#«%ift£- U - JMB^-Y 
xicftmLtcfe, r;w^^^^cf{c*3^X30MParoBE7J 
£DTlC1650t:-eiB#R3*:y hZflsXmi&LX, H#SNGN 
30 120408(D^^iJf- y T'^COAlzOs-TiC^frSrgiit L 

[0 0 2 2] »6ixfcAl!<h-TiC*B*«:**f£ U * 
eoagffitciiSro p v Difclc i D » 1 i^-rffiUl^^ix 
JpiUSrtU-C. ®m?-y7l~-l 2 (fiU «)ilJf•^'7 , 
1 2»4Jt«W) ^^MUfc 0 X, iHMI«r»ril*T, Al 
rti-TiCjMSfrw^fe^SiBBiJ^y^l 3 (Jt«fi»J) 

[0 0 2 3] ^(r, #^BiJ^-y7°l~l 3£ffll^T, T 

40 ^N'J*# : » H4 M-SKD11 (HrC 60) 
^JNUiia-100m/min. 
m 0- -0. lmm/rev. 
§)9 ji*-1.0mn 
/l^/l^^ FN11R44A 

^U^-10min. 
[0 0 2 4] ±IE«IIM»»lwftV^r, *«I»Jf-yro* 

V^T77V^*ft«Sr»JSL. *l(C«DNiJttlttt££ L 
50 -Cfit*TEftLfc„ 





ffi W H ft ia W- 
{rim— *yvm) (unt) 


(mm) 


77// SpffilpB 


1 


Ti3AlC(4. 0) 


4.0 


0. 08mm 


2 


TiAlN(4. 0) 


4.0 


0. 07mm 


3 


Ti3AlCN(4. 5) 


4.5 


0. 07mm 


4 


Ti3AlN(4. 5) 


4.5 


0. 06mm 


5 


TiAlN(l. 5) — »TiAlCN(2. 5) 


4.0 


0. 06mm 




Ti3AlC(2. 0) — »TiAlN(l. 5) 


3.5 


0. 06mm 




TiN(0. 5) — >Ti3AlCN(3. 5) 




0. 04mm 


8 


TiN(0. 5)^Ti3AlC(2. 0)-TiAlN(l. 5) 


4.0 


0. 04mm 


9 


TiN (1 . 0) ->TiAlN(3. 0)^TiN(0. 5) 


4.5 


0. 04mm 


1 0 


TiN(l. 0)->Ti3AlCN(3. 0)—TiN(0. 5) * 


4.5 


0. 03mm 


1 1 


(Ti -6wt%Al -4wt%V) N 


4.0 


0. 09mm 


1 2 


TiN (3. 0) 


3.0 


0. 12mm 


1 3 






3»T-*S 



(&) TiAH450at%Ti-50at%Al£-&Sr, Ti3Al«75at HSW©8&*1 **WJ-«tiXli» £-&IAflifc t'OifSig 

%Ti-26at%a£*:*fr*-3. X, *Fn^^L/tf L -y7 p a*t*k ^(CHRCT-50«±3l(iHvT'500Kgf/nim 2 W± 

hSrfflv^-C*ffi«aSS:0.2S4ri6j 20 #5, K«Stt-eSH*«ttttfixfcteflt*C5-fe7 5 y 7 * 

[0 0 2 6] 



